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[57] ABSTRACT 

A replaceable ink cartridge for an ink jet printing system 
having an ink supply station with an ink receptacle and a 
printer electrical connector. The cartridge has a housing 
removably matable with the ink supply station. An electrical 
circuit and a connected cartridge electrical connector reside 
on the housing, and the cartridge electrical connector is 
matable with the printer electrical connector. An ink reser- 
voir in the housing defines a chamber containing a supply of 
ink of a selected volume, and hasanjnk.outlet c onnectabl e 
to the printer ink receptocle. Ah ink level sensor in the_ 
housing is connected to thT^caraia^ ^lec&cal Connector, 
and dctects^whether the sur^ply of-iiik'is 'lcss than a threshold, 
amou nt. If so. it g enerates an "ink depleted" signal.? 

26 Claims, 3 Drawing Sheets 
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1 2 

INK JET CARTRIDGE WITH INK LEVEL of ink to provide the expansion that expels a droplet of liquid 

DETECTION ink onto the media sheet Normally, the continuous flow of 

ink during printing maintains a controlled temperature of the 

FIELD OF THE INVENTION resistor, preventing ink from drying or being "cooked** onto 

m . . . . . , . J 5 the resistor surfaces. However, when the ink supply is 

This invention relates to ink jet cartridges, and more ^ remaining in each chamber may have its 

particularly to two-part Inkjet cartridges with separate ink yolatile OT aqueous ^ away by the resistor 

supplies. heating, and the remaining solids may encrust the resistor 

BACKGROUND AND SUMMARY OF THE ^ " Wock ^ ^ ™ a * ink '* 

jMVENTION 10 replenished, some orifices may remain clogged, and the heat 

transfer characteristics of some resistors may be unaccept- 

A typical ink jet printer has a pen that reciprocates over a ably altered. 

printable surface such as a sheet of paper. The pen includes Thus there exists a need for a low cost ink jet printing 

a print head having an array of numerous orifices through system that prevents dry firing while permitting retaining 

which droplets of ink may be expelled into the surface to is non-depleted elements of an ink cartridge while replenishing 

generate a desired pattern. Some ink jet printers have a or replacing an ink supply, for a printer that has sensors to 

replaceable ink supply mounted to a stationary position on avoid using a depleted cartridge. 

the printer, and connected to a reciprocating print head by a The present invention overcomes or reduces the disad- 
conduit. This permits the use of a larger ink supply, and vantages of the prior art by providing a replaceable ink 
avoids the need to replace the print head each time the 20 c^^ge for an ink jet prmting system having an ink supply 
supply of ink is depleted. Color ink jet printers generally station with an ink receptacle and a printer electrical con- 
have a multi-chamber cartridge, or several ink supply car- nectQr The cartridge has a housing removably matable with 
tridges each containing a different color of ink. ^ ^ supply ^on. ^ electrical circuit and a connected 
Some existing systems provide each stationary ink supply cartridge electrical connector reside on the housing, and the 
cartridge with an on board electronics memory chip to 25 cartridge electrical connector is matable with the printer 
communicate information about the contents of the car- electrical connector. An ink reservoir in the housing defines 
tridge. It may also be possible for such a chip to serve as a a chamber containing a supply of ink of a selected volume, 
"gas gauge" that indicates or transmits to the printer the and has an ink outlet connectable to the printer ink recep- 
amount of ink remaining, so that the user may observe and tacle. >ffiu^levd"sens6rin^^ 

anticipate the need for replacing a depleted cartridge. 30 cartridge^electrical connector and-detectswwhetheriithe^su^ 

~~ ' . . ... . plv'ofinkasjessjhan a threshold am ount If so. it g enerates |y 

an "ink depleted" signal. 9 



The on board memory in an ink cartridge may also serve 
to record or store other information about the ink cartridge. 

such as manufacture date (to ensure that excessively old ink 

does not damage the print head.) ink color (to prevent BRIEF DESCRIPTION OF THE DRAWINGS 



misinstallation ) and product identifying codes (to ensure 35 mGlisa perspective view of a printer according to a 

that incompatible or inferior source ink does not enter and ^ embodiment of the invention, 
damage other printer parts.) 

„ ^ , . FIG. 2 is a simplified block diagram of the embodiment 

However, for very low cost applications, these advantages of j 

provided by a memory chip in each disposable cartridge may ^ „ * * ... , . ... 

be outweighed by the cost of replacing the chip every time FIG 3 uan exploded sectional side view of the embodi- 

a cartridge is depleted In addition* there may be other ment 0 Fia 1 

elements in a cartridge, such as structural, plumbing, and FK3> 4 is a bottom view of the embodiment of FIG. 1. 

pumping components, that have useful lives that extend well 

bTyond the time it takes to deplete the ink supply. With 45 DETAILED DESCRIPTION OF A PREFERRED 

separate chips and ink supply elements, one may replace or EMBODIMENT 

refill the ink supply portion of an existing cartridge. FIGS. 1 and 2 shows an ink jet printing system or printer 

However, the chip in the cartridge normally sends an "ink 10 having a set of removable ink cartridges 12 for printing 

depleted" signal to the printer that inhibits printer operation. onto a of 13 cartridge includes an ink 

Even if a chip were provided to send a signal to enable ^ reservoir 14 defining a chamber filled with ink. and includes 

printer operation after the first supply is depleted, such an m electronic circuit in a cartridge memory chip 20. The 

approach would defeat the printer 1 s protections against "dry printer has a housing 22 enclosing a controller 24 connected 

firing" to the cartridge chip 20 via four electrical tines 26. An ink 

Dry firing occurs when an ink jet printer continues its level display 30 is mounted to the housing and electrically 

printing functions after an ink supply is depleted. This 55 connected to the controller as shown, or may be displayed od 

causes user inconvenience, supply waste, and possible the user's video display terminal by computer software. A 

printer component damage. In one scenario, a user may be print head 32 having a memory 33 and a print element 34 

printing a job having many pages of high quality color reciprocates within the housing adjacent to the sheet of 

output If a single ink color becomes depleted early in the job media. An ink tube 35 connects the ink supply to the print 

without the user being aware, subsequent sheets will be «j head, providing ink fox printing. A print head control bus 36 

unusable, wasting valuable media and the inks of the other electrically connects the controller to the print head, and 

colors. transmits printing data to the print head. While the schematic 

In addition, the print head itself, a valuable component not is shown as having a single print head and a single ink 
routinely replaced in such a printer, may be damaged by dry cartridge for simplicity, the preferred embodiment has four 
firing, requiring professional printer service. Thermal ink jet 65 of each element, each corresponding to a particular ink color 
print heads have an ink chamber associated with each (black, cyan, yellow, and magenta.) A computer 37 con- 
orifice, with a resistor in each chamber vaporizing a quantity nected to the printer 10 includes a printer driver 38 con- 
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nected to the controller 24. a central processing unit 39, and ing port of the well. In the preferred embodiment the emitter 

a connected monitor 41. is an infrared LED. and the detector is responsive to the 

FIG. 3 illustrates the ink cartridge 12 in greater detail wavelength of light emitted by the LED. The wavelength is 

with its connection to the printer 10. The printer defines an selected to transmit effectively through the ports and air. and 

ink supply station cavity 40 that is fixed relative to the 5 to be effectively obscured by ink of any color. When the ink 

printer housing, and which provides a receptacle to entirely level dl0 P s Wow selected level, the sensor sends an 

receive the ink cartridge. The station cavity has a floor 42 electrical signal to the chip 20. which responds by generat- 

upon which are mounted a fluid interconnect 44 and an ing an "ink depleted" signal. 

electrical interconnect 46. The fluid interconnect includes an In alternative embodiments using inks transmissive to 

alignment sleeve SO surrounding a hollow needle 52, with 10 certain wavelengths, different wavelength LEDs may be 

the needle defining a passage connecting to the i£ktub634f selected for different ink colors. For instance, a red LED 

Although not shown in detail the needle is provided with an' may be used for all colors but magenta, which employs a 

enclosure to maintain humidity when an ink cartridge is not green or yellow LED. Alternative ink level sensors may 

installed. include an optical sensor having an emitter and detector at 

The electrical interconnect includes a protruding boss 54 15 a single port and operable to detect the presence of ink at the 

having four pins 56 formed to present laterally extending P° rt *>y &c presence or absence of reflected light or 

bent portions. The fluid and electrical interconnects are other radiation from within the well. Another alternative 

spaced apart from each other to prevent unexpected ink may electrically detect the presence of ink at the threshold 

leakage from encountering the electrical elements. level such as by positioning electrical leads on opposite 

The ink cartridge 12 is a rigid rectangular shell having a 20 sides of well and determining the electrical resistance or 

flat, planar aspect parallel to the plane of the figure. Hie capacitance between the leads. 

chassis has a leading edge 60 extending toward the floor 42 The threshold volume of the well below the threshold 

of the cavity. A sealed ink refill port 62 at the trailing edge level may be selected to correspond to the amount of ink 

of the cartridge provides an aperture for ^fillin g the reser- used in a typical densely printed page, so that the cartridge 

voir 14 after the ink supply is depleted. An ink outlet 66 is docs not become depleted during the printing of a page. This 

positioned at one end of the leading edge in registration with would require discarding of the page, or interrupting the 

the fluid interconnect 44. and a pocket 70 is defined in the printing process, which may cause nonuniformity of output 

leading edge of the chassis at a position spaced apart from <we to disruption of the carefully engineered sequence of 

the ink outlet 66. The ink outlet 66 has an end face enclosed overlapping printing and drying times. The usable ink 

by a self-sealing septum that may be penetrated by the remaining in the pump may also be included in the calcu- 

needle. The exterior of the outlet is shaped to be closely lation of ink available to complete a page after depletion is 

received within and supported by the collar 50 to provide detected _ 

registration during installation of the cartridge in the printer. [The ink cartridge includes a diaphragm pump 86 to pump^ 

A connector 72 having four separate, conductive planar 35 ink from the reservoir to the printer. A pump chamber is 

conductor pads is mounted to one wall of the pocket, so that positioned below the well, with an ink inlet having a check^ 

is parallel to the plane of the ink cartridge. This permits the valve providing one way fluid flow from the well to the") 

printer's interconnect pins to scrape along the respective chamber when the pump chamber is at lower pressure than 7 

pads as the cartridge is inserted into the ink supply station ("the well. A pump outlet with provides communication to an/ 

cavity 40, removing any oxidation or contamination from A0 ^outlet .conduit ext ending jQjhe ink outlet 66 of me cartridge/ 

the pads to ensure proper ohmic contact The controller chip ~ ~ ^ " " 



pThe pump 86 includes a flexible diaphragm~102 that-seals— ^ 
medower^ ^~ 



20 is mounted within the cartridge pocket, and includes £Si^f^ "* 

separate connections to each of the four connector pads. An charnter^yolume^ 

audible alarm 74 such as a piezoelectric device is mounted 1<* { 

in the pocket and connected to the controller. ^ JS^^^ ^^^ A^^k^^S^^^^f^^^ 

The cartridge is normally oriented in the position [fi^j^^^s^g^Q^^^^^ )& 

illustrated, so that the leading edge is pointed downward. r _3*k£ed. driving ink through f the chamber ouUet to be?- J 

Uius. ink in the chamber 14 will settle toward the bottom. expelled from toe iii^o^etj^pon wiwdrawajjrf the^, 

The chamber defines a well 76 that serves as a sump. The ( " pushetlfie diipfifagm returns to its original poritionraidcd~- 
well is the last portion of the chamber to empty as the iakflS by a compressed spring (not i&miiffi^'i&snM6t. This; 
supply is depleted; when the well is partially empty, the — pdraws ink into the chamber through the inlet valve; a 

entire remainder of the cartridge is known to be empty and L pressure nsg^alOT^assod 

replenishment is due. In the preferred embodiment, the well [^a cr^ck va^ve to.preyent ink fwm.beiog drawn ^ backjntojie/ 

is defined by a cylindrical wall having two transparent ports pump from ^ownst ream^ J_ 

80. 82 on opposite sides, and positioned at a threshold level 55 ^ The printer controller 24 is programmed to keep track of 

84 spaced a small distance above the bottom of the well. printing activities to maintain an estimate of how rauctyink 

When ink is above the threshold level, the ports are has been consumed from each cartridge. Essentially, this^> 

obscured, and when ink falls below the threshold level the -may bc'itic^j^t of as a drop counter. Normally, the memory 9 

coaxially aligned ports are in visual communication with 'chip on the cartridge chassis serves as the storage site for^me ? 

each other. Because the well has a small cross section in a 50 drop usage jnfOTrhation Thevmembry of the chip-may begin* } 

horizontal plane relative to the rest of the ink chamber, a With an "ink fiilT condition^yalue^which is decremented asu^ 

given rate of ink depletion will cause a rapidly falling ink printing jyc^ee^.^unm an "ink ^rnpty" state is reached..,/ 

level, and the volume below the threshold level is relatively Whereur&n fine primer will nojtjfjjn^ 

small. rrepla^exl with one indicating *^nk fu^j^ah_inte^^ 

An optical ink level sensor has an emitter 90 and a 65t55Ddition. — 

detector 92 positioned within the pocket 70 and electrically By storing this information on each cartridge, cartridges 

connected to the chip 20, with each element at a correspond- may be removed and replaced without losing usage infor- 
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raation. As printing proceeds, the printer reads the usage 
information stored on the cartridge memory, and displays a 
corresponding output on the display 30, which may be in the 
form of a bar graph or "gas gauge." Unlike a fuel gauge in 
an automobile, such a gauge does not need to sense the 
current fluid level in the reservoir, so it does not rely on the 
ink level sensor. 

In the preferred embodiment, the memory chip is an 
EEPROM that may be written to or decremented as ink 
usage proceeds. Upon complete depletion, the chip may be 
reset, enabling printing to proceed with a replenished car- 
tridge. In the preferred embodiment the chip and connector 
have four lines: power, ground, clock, and input/output. The 
chip may be an MROM that is never written to. or may 
include a combination of MROM, EPROM. and EEPROM 
portions, to emulate the performance of a standard chip. In 
one embodiment, the drop counter may have an 8-bit write- 
once memory location, with each bit corresponding to 
one-eighth of the ink supply, and written to after a fine 
counter tallies a usage of a quantity of ink droplets equiva- 
lent to one-eighth the cartridge capacity. 
fea chM c-artffi^^^ 




In an alternative embodiment, the printer's pump pusher 
104 applies force by a spring, so that its excursion is limited 35 
if it meets substantial resistance from the diaphragm or other 
impediment- A position sensor on the printer may determine 
whether the pusher is extending to normal excursions, or if 
the excursion is excessive or inadequate. If the pump is 
depleted, for instance, and is unable to draw more ink from 40 
the reservoir, the back pressure from the reservoir may 
create a suction that prevents the diaphragm from returning 
to its extended position. When this occurs, the pusher 
extends beyond its normal excursion, and the printer dis- 
continues printing to avoid dry firing. 

When the printer has a such a pusher sensor, an alternative 
means of signaling that ink is depleted may be provided to 
eliminate the pump entirely from the cartridge. As shown in 
FIG. 4, to provide the pusher with the expected resistance, 
a pusher impediment element 110 is mounted to the car- 
tridge in the recess where the diaphragm would be found if 
a pump were present. The irnpediment normally extends 
across the recess at a level corresponding to the normal 
position of a pump diaphragm. Consequently, the pusher 
meets with the expected resistance comparable to a full 
cartridge and normally operating pump, and printing is 
permitted to continue. When the cartridge sensor 80. 82 
detects depletion of ink. it signals the printer to stop by 
activating the impediment 110 to withdraw it from the path 



Method of Operation 

Before printing, the printer is turned on. and the driver and 
firmware of the printer read the ink level or drop volume 
from each cartridge memory chip. If a cartridge is absent the 
printer will not print and the user may be notified of the 
need to install a cartridge. Each time a different cartridge is 
installed, the contents of the cartridge memory are read into 
a memory associated with the printer controller. 

Operation begins with installation of the cartridge. The 
user then initiates a new print job. causing the printer to 
query the cartridge memory chip to deterrnine the amount of 
ink in the reservoir. The controller calculates an ink level 
based on the received data, and sends a signal to the display 
to indicate the ink level to the user. The cartridge chip 
assesses whether the ink supply is empty by reading the 
signal from the ink level sensor, and sends the information 
to the printer to permit or inhibit printing. 

If the ink supply is not determined to be empty, the printer 
prints a portion of the printing job, and updates the memory 
chip to reflect the ink usage during that printing step. This 
may include writing to a fine counter on the cartridge 
memory, and if the fine counter becomes full, writing to one 
r fre ' shng ' sW.eVp ' irau o'nfT 0 * mc coarse counter bits and resetting the fine counter to 
zero for subsequent printing. The printer then determines 
whether the print job is complete. If so. the printer stops and 
awaits instructions to begin a new printing job. whereupon 
the printer starts the new job. During the print job, at the end 
of printing each sheet in the job. the controller will read all 
memory elements to update the displays reflecting ink 
supplies, and will continually monitor whether the ink level 
has dropped below the threshold. This will permit user 
monitoring of ink consum ption durin g large_print j obs. 

nSS^^^^^TS^^SS^^mss^ 



10 



15 



20 



SSfSmSge^f toe carfedge is replenished; me^ ' 
'counter; whicntreads at or near empty, is reset to indicate that ' 
the cartridge is full. Replacement of the cartridge includes 
installing it in the ink supply station. -so that the needle 
penetrates the septum to provide ink flow, and so that the 
electrical connector makes contact with each of the four 
pads on the connector. 

After the cartridge is replaced, the printing job is 
restarted. 

An alternative printing operation may be used when the 
ink cartridge has a simpler ROM chip instead of the 
EEPROM. The chip is programmed to constantly provide an 
"ink full** signal to the printer, preventing the printer from 
shutting down due to drop counting, and disabling the "gas 
gauge" function. With such an ink cartridge chip, the printer 
will continue until the ink level sensor indicates depletion, 
protecting the printer against dry firing. Thus, when the 
55 printer checks the chip for ink supply level, it reads the "all 
fuir signal, and proceeds to print the entire job. or portions 
of the job after occasionally rechecking the ink level. When 
the level sensor detects depletion, it may either signal the 



45 



50 



printer directly, actuate an audible alarm on the cartridge or 
of the pusher. Thus, the pusher extends beyond its normal 60 in the printer, or actuate the irnpediment of FIG. 4 to signal 
excursion, and printing is discontinued. In this embodiment the farce sensing pusher, which may also be employed in a 
the impediment is a thermally actuated bimetallic strip drop counti n g sy ste m , 
operated by an electrical signal from the cartridge chip. The (^ajgjg ffi^ ^ 



strip is normally positioned near the center of the diaphragm .ffi&ui^^ 

and is retracted upon ink depletion as it is heated by current 65 thj e^ 
flowing through an associated resistor (not shown) as con- a^a^ e ^ 

trolled by the cartridge chip. ! " -- 1 — ~~i.u:-^ .^1.,^ ^j^m^* 



iiiinal in&vplw^ 
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~While~theinvention is described in terms of preferred and 
alternative embodiment, the following claims are not 
intended to be so limited. 
We claim: 

1. A replaceable ink cartridge for an ink jet printing 
system having an ink supply station with an ink receptacle 
and a printer electrical connector, the cartridge comprising: 

a housing removably raatable with the ink supply station. 

a digital electronic circuit and a connected cartridge 
electrical connector on the housing, the cartridge elec- 
trical connector matable with the printer electrical 
connector; 

an ink reservoir in the housing defining a chamber con- 
taining a supply of ink of a selected volume; 

the reservoir having an ink outlet conncctable to the 
printer ink receptacle; and 

an ink level sensor in the housing connected to the digital 
electronic circuit and operable to detect whether the 
supply of ink is less than a threshold amount, and to 
generate an "ink depleted" signal in response to detect- 
ing that the supply of ink contains less than the thresh- 
old amount 

2. The ink cartridge of claim 1 wherein the circuit is 
operable to send the "ink depleted" signal to the printer, such 
that printer operation is stopped before ink is depleted. 

3. The ink cartridge of claim 1 wherein the cartridge 
includes a movable iinpediment movable into and out of a 
position in conflict with a path of motion of a pump actuator 
on the printer. 

4. The ink cartridge of claim 3 wherein the movable 
element is a bimetallic strip that flexes in response to an 
electrical signal from the circuit 

5. The ink cartridge of claim 1 wherein the cartridge 
circuit includes a memory element to which data may be 
written corresponding to the amount of ink consumed from 
the reservoir. 

6. The ink cartridge of claim 5 wherein the memory 
element is res enable to an "ink fulT condition upon replen- 
ishment of the reservoir. 

7. The ink jet cartridge of claim 1 including a separate 
refill bottle having a refill volume greater than the selected 
volume of the supply of ink in the ink reservoir chamber. 

8. The ink cartridge of claim 7 wherein the refill volume 
is approximately an integer multiple of the selected volume. 

9. The ink cartridge of claim 1 wherein the digital 
electronic circuit includes a digital memory. 

10. The ink cartridge of claim 1 wherein the electrical 
connector includes a plurality of electrical lines. 

11. A method of servicing an ink jet cartridge having a 
supply of ink and removable from a printer operable in 
response to an ink level signal from the cartridge, the 
method comprising: 

operating the printer to draw ink from the cartridge; 
while operating the printer, generating an enabling signal 

to permit operation of the printer; 
while operating the printer, monitoring to determine 

whether the cartridge contains a selected level of ink; 
after determining that the cartridge contains less than a 

selected level of ink. transmitting a signal to a memory 
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chip on the cartridge and thereafter transmitting a 
digital "ink depleted** signal from the memory chip to 
the printer; and 
stopping operation of the printer in response to the ink 
depleted signal. 

12. The method of claim 11 wherein generating the 
enabling signal comprises continually generating an "ink 
full" signal. 

13. The method of claim 11 wherein monitoring includes 
optically detecting the presence of ink. 

14. The method of claim 13 wherein optically detecting 
includes transmitting a beam into the cartridge. 

15. Hie method of claim 11 wherein generating the ink 
depleted signal includes emitting an audible tone. 

16. The method of claim 11 wherein the printer includes 
an ink pumping actuator operable to contact the ink cartridge 
to pump ink. and wherein generating the ink depleted signal 
includes positioning a movable impediment out of conflict 
with the actuator. 

17. The method of claim 11 wherein stopping operation of 
the printer comprises automatically sending an electronic 
signal to the printer. 

18. The method of claim 11 wherein stopping operation of 
the printer comprises a user responding to a signal from the 
cartridge and manually stopping the printer. 

19. The method of claim 11 including replenishing the 
cartridge with ink after stopping operation of the printer. 

20. The method of claim 19 wherein replenishing includes 
resetting an ink level indicator on the cartridge. 

21. A printing system comprising: 

an ink jet printer defining an ink supply station with an ink 
receptacle and a printer electrical connector; 

an ink cartridge removably connected to the printer, the 
cartridge comprising: 

a housing removably matable with the ink supply station. 

an electrical digital memory circuit and a connected 
cartridge electrical connector on the housing, the car- 
tridge connector matable with the printer electrical 
connector; 

an ink reservoir in the housing defining a chamber con- 
taining a supply of ink of a selected volume; 

the reservoir having an ink outlet connectable to the 
printer ink receptacle; 

an ink level sensor in the housing, connected to the digital 
memory circuit, and operable to detect whether the 
supply of ink is less than a threshold amount and to 
generate an "ink depleted" signal in response to detect- 
ing that the supply of ink contains less than the thresh- 
old amount 

22. The system of claim 21 wherein the ink level sensor 
includes an optical sensor in communication with the res- 
ervoir. 

23. The system of claim 21 wherein the ink level sensor 
includes an audible transducer to alert a user to a depleted 
ink level 

24. The system of claim 21 wherein the circuit is operable 
to send the "ink depleted* signal to the printer, such that 
printer operation is stopped before ink is depleted, 

25. The ink cartridge of claim 21 wherein the cartridge 
includes a movable impediment movable into and out of a 
position in conflict with a path of motion of a pump actuator 
on the printer. 

26. The ink cartridge of claim 21 wherein the cartridge 
electrical connector includes a plurality of electrical lines. 
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